Several association studies of endothelial nitric oxide synthase (NOS3) gene polymorphisms with respect to coronary artery disease (CAD) have been published in the past two decades. However, their association with the disease, especially among different ethnic subgroups, still remains controversial. This prompted us to conduct a systematic review and an updated structured meta-analysis, which is the largest so far (89 articles, 132 separate studies, and a sample size of 69,235), examining association of three polymorphic forms of the NOS3 gene (i.e. Glu298Asp, T786-C and 27bp VNTR b/a) with CAD. In a subgroup analysis, we tested their association separately among published studies originating predominantly from European, Middle Eastern, Asian, Asian-Indian and African ancestries. The pooled analysis confirmed the association of all the three selected SNP with CAD in three different genetic models transcending all ancestries worldwide. The Glu298Asp polymorphism showed strongest association (OR range = 1.28-1.52, and P,0.00001 for all comparisons), followed by T786-C (OR range = 1.34-1.42, and P,0.00001 for all comparisons) and 4b/a, (OR range = 1.19-1.41, and P#0.002 for all comparisons) in our pooled analysis. Subgroup analysis revealed that Glu298Asp (OR range = 1.54-1.87, and P,0.004 for all comparisons) and 4b/a (OR range = 1.71-3.02, and P,0.00001 for all comparisons) have highest degree of association amongst the Middle Easterners. On the other hand, T786-C and its minor allele seem to carry a highest risk for CAD among subjects of Asian ancestry (OR range = 1.61-1.90, and P#0.01 for all comparisons).
Introduction
Endothelial-derived nitric oxide (NO) has been known to be a major contributor in vascular regulation and has been amply implicated with coronary artery disease (CAD). NO is an important relaxing factor in the human body and is involved in a variety of different important physiological functions. It is synthesized in the human body from L-arginine by at least three isoforms of NO synthase (NOS), viz. inducible NOS, constitutive neuronal NOS and constitutive endothelial NOS (eNOS). [1] NO causes vascular relaxation, it suppresses platelet and leucocyte adhesion to the vascular endothelium [2] [3] [4] and reduces smooth muscle cell proliferation and migration [5] . It also scavenges superoxide radicals [2] and limits the oxidation of atherogenic low density lipoproteins [3] resulting in an overall vasoprotective effect. Intracellular NO has thus been considered as an inhibitor of several key processes leading to atherosclerotic plaque formation. [4] Inhibition or reduction of NO on the other hand, may accelerate this process. NO production has been known to be influenced by several polymorphisms of the NOS3 gene. The NOS3 gene is located on chromosome 7q35-36, consists of 26 exons with a total size of 21 kb and it encodes for intracellular NO production [6] . This gene is expressionally and functionally regulated through multiple regulatory steps, and entails several polymorphisms [3] , some of which have functional consequences.
NOS3 polymorphisms, their role in NO production and their vascular end effects
Hingorani et al., [7] first described a point mutation of guanine (G) to thymine (T) at nucleotide 1917 in exon 7 of the NOS3 gene, resulting in the replacement of glutamic acid by aspartic acid at codon 298 (Glu298Asp, also known as G894-T, rs1799983). This variant has been shown to be associated with coronary spasm, [8] essential hypertension [9] and the risk of acute myocardial infarction (AMI) [3, 10, 11] . Controversial results have been obtained over the years when this single nucleotide polymorphism (SNP) was evaluated with respect to its effect on intracellular NO production. Some studies have demonstrated lower concentrations of intracellular NO in genotypes carrying Asp alleles [12] , while others have reported lack of association of this SNP with NO production [13] . Apparently, apart from possibly having lower NO concentrations in the human body, genotypes carrying Asp alleles have also been shown to have greater red blood cell (RBC) aggregability [14] . This makes them more prone to suffer from acute coronary events, especially from those of thrombotic origin. Befittingly, over the years this SNP has been shown to be associated to myocardial infarction (MI) [10, 11, 15] , coronary artery spasm [10] and CAD. [2] [3] [4] 13, 16, 17] However, association of this SNP with CAD has been a matter of dispute as some studies have also reported its lack of association with the disease. [18] [19] [20] [21] [22] [23] Geo-ethnic differences and the role of environmental factors in various populations could have been the prime reason behind these contradictory results.
Another common variant of this gene results by a cytosine replacing a thymine at nucleotide 2786 (T786-C, rs2070744) at the 59-flanking region of the NOS3 gene. [24] The resulting T786-C variant has been shown to reduce the NOS3 promoter activity approximately by 50% and has been associated with an increased risk for coronary artery spasm among subjects of Japanese ethnicity. [24] Recently, this polymorphism has also been shown to influence the plasma NO concentrations in hypertensive and type 2 diabetes mellitus patients. [25] It has also has been implicated as a risk factor for developing hypertension. [25] Several published reports strongly suggest that this functional variant in the NOS3 promoter region (T786-C) is associated with reduction in the promoter efficiency and the level of expressed enzyme, leading to increased CAD risk. [26] [27] [28] Apart from hypertension [25, 29] and coronary artery spasm, [24] T786-C has also been investigated by several researchers for its association with the presence and severity of CAD, [3, 30] and MI. [31] However, some studies have also reported no association with CAD. [32] There are also several variable number of tandem repeats (VNTRs) with functional significance within NOS3 gene. Among them polymorphic repeats close to the 59 end of the gene, the 27-base pair (bp) repeat in intron 4 is one of the most studied. The resulting rare 4-repeat allele has been shown to be associated with CAD among subjects belonging to European ancestry. [33] This 4a/b mutation of NOS3 gene was found to be associated with MI, among subjects of Turkish descent. [34] Significant association of the 4a/b polymorphism with CAD and MI has been amply reported in several ethnic populations even after adjustment of traditional risk factors. [22, 33, 35, 36] On the other hand, a few groups have also reported lack of association of this SNP with CAD. [37] [38] [39] The only meta-analysis to assess the role of all three NOS3 SNPs with respect to CAD reported association only in recessive genetic model of Glu298Asp, while dominant and allelic comparisons came out to be non-associated in the pooled analysis (all ethnicities combined). [40] On the other hand, lack of association with CAD was seen for all three genetic models of T786-C and 4b/a. [40] Since the publication of the aforementioned study, [40] a few more recent meta-analyses focusing on either one of the selected SNPs were published reporting varied results of either association or lack of association among different employed genetic models. [41] [42] [43] [44] None of them had strict criteria for inclusion of studies, which may have led to inaccurate results. Some of these published meta-analyses also included studies where genotype frequencies among controls deviated from HardyWeinberg equilibrium. Such deviation may hint a non-random inclusion of controls among the studies in question, which could have led to inaccurate results. Studies with several surrogate endpoints, such as ''coronary artery spasm'' and ''heart failure'', were also included in these previously published meta-analyses. These endpoints may or may not correspond to the disease profile and pathology of CAD in general therefore such studies should have been ideally excluded. On the top of that, ethnic classifications in subgroup analyses were not appropriate in these meta-analyses and the studies were broadly and wrongly classified. We hypothesize that all these described factors may have resulted in biased effect sizes reported in all pooled as well as ethnic subgroups in these previously published meta-analyses. [40] [41] [42] [43] [44] It is also noteworthy that no genome wide association study (GWAS) published till date has identified either of these selected SNPs as risk factors for CAD. Thus, a structured meta-analysis of published association studies for NOS3 polymorphisms, which would aid to improve the existing understanding of these polymorphic forms of this gene in relation to CAD was warranted. Taking this as an objective, we conducted a systematic review and updated metaanalysis to ascertain the role of the three most common NOS3 gene polymorphisms in CAD. We also tested their association separately among published studies originating predominantly from European, Middle Eastern, Asian, Asian-Indian and African ancestries.
Materials and Methods

Literature Search
The databases of the US National Institutes of Health (PubMed), EMBASE and a MEDLINE Scopus and Web of Knowledge were systematically searched for relevant articles published online by March 2014. Both medical search headings and open text fields were used to identify articles. We systematically searched various databases and the reference lists of the relevant publications using the combination of terms like 'NOS3' OR 'eNOS' OR 'constitutive endothelial NOS' OR 'ecNOS' OR 'endothelial nitric oxide synthase' OR 'endothelial NO synthase' paired with 'atherosclerotic heart disease' OR 'coronary artery disease' OR 'CAD' OR 'MI' OR 'Myocardial Infarction' OR 'AMI' OR Acute Myocardial Infarction OR 'ACS' OR 'Acute Coronary Syndrome' AND 'polymorphism' OR 'mutation' OR 'gene polymorphism' Or 'SNP' OR 'Single Nucleotide Polymorphism'. The search in these databases was restricted to articles relating to humans, covering all relevant English language publications published up to March 2014. All references cited in the resulting studies and in previously published reviews on this topic were examined to identify additional work not indexed in internet databases. Papers without sufficient information were identified and their corresponding authors were contacted via at least three emails (spaced one week apart) requesting needed information. Publications whose corresponding authors did not respond were thenceforth not included. Since data from unpublished studies is unlikely to be trustworthy, we chose not to include it into this present meta-analysis. The decision to include studies was hierarchical; initially study titles, then abstracts and finally the full body of the text were assessed. The following information was recorded from the retrieved studies: author's names, publication year, country where the study was conducted, study design, inclusion criteria for CAD patients and normal controls, methods used for genotyping and the distribution of polymorphic genotypes and alleles in each group.
To be included in the meta-analysis, articles had to assess the association between CAD or MI patients and CAD free controls. Our selection criteria included studies that met all of the following criteria: (1) published in a peer-reviewed journal and independent studies using original data; (2) unrelated case-control or cohort studies; (3) providing complete data with genotype and allele frequencies to calculate the odds ratio (OR) with confidence interval (CI) and p values; (4) CAD patient diagnosis based on coronary angiography/clinical assessment and controls not being CAD patients; (5) all studies included had to be published in English language; and (6) all included studies had to have their genotype distribution among controls consistent with Hardy Weinberg approximations. We excluded the case reports, case studies and the studies not providing adequate information on selection criteria and the actual distribution of genotypes in each group. We also purposefully excluded studies with a surrogate endpoint such as ''coronary artery spasm'' or ''heart failure''. Strict adherence to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses-PRISMA statement [45] and the specific recommendations for genetic meta-analysis in the HuGE Review Handbook, version 1.0 was ensured.
Data collection and Statistical Analysis
All required data along with genotypic distribution among cases and controls were recorded from publications (in duplicate) on a paper proforma. Later allele frequency was calculated manually and all the data was then transcribed on to a Microsoft Excel program on a computer. We checked departure from Hardy-Weinberg equilibrium (HWE) among control population for each included study using Michael H. The extracted data from all publications were tested using previously described three genetic models i.e. dominant, recessive, and allelic model. [46] Bivariate and random or fixed effect models were used for calculating effect size (i.e. Odds ratios: ORs). For each study, individual and summary ORs and its 95% confidence intervals (CIs) were calculated (for all three genetic models), using either random (DerSimonian-Laird method) [47] or fixed effects model (Mantel-Haenszel method). [48] The pooled odds ratio (OR) with a corresponding 95% confidence interval (CI) was used to assess the degree of association. Based on the individual ORs, the pooled OR was estimated, the significance of which was determined by Z test (P,0.05 was considered statistically significant). Summary P value and Z value was also calculated (as listed) for each study group, for each genetic model to express the significance and degree of association. Existence of heterogeneity was tested using a Q test. It was performed using Higgins I 2 statistics (I 2 ) and Cochran's Q statistics (P Q ) for each group of studies. Those resulting with I 2 .50% and P Q ,0.01 were identified as a heterogeneous group. Low, moderate and high heterogeneity was defined according to previously published estimates [49] using cut off points of I 2 values as 25%, 50% and 75%. Using this calculation, I 2 value of ,50% and P Q .0.01 was considered the criterion for selecting fixed effects for analysis. On the other hand, random effects were used for analyses for groups having I 2 values of .50%. In order to define the sources of heterogeneity, subgroup analysis was performed. The subgroups were classified according to predominant ancestry among which the study was conducted. Publication bias was identified by examining Begg's funnel plots [50] and by estimates from the Egger's test. [51] Sensitivity analysis was also performed in each ancestral group in every studied genetic model. Adjustment of environmental factors is an important aspect in conducting meta-analysis of genetic association studies. However, since genetic variation among individuals is assigned at the time of birth, environmental factors like diet and lifestyle which an individual experiences thenceforth have no role in changing that attribute. [52] These factors, though can have a huge impact over the phenotype, cannot confound to the association between the genotype and the resultant phenotype. It is almost impossible to adjust environmental factors in meta-analyses of this nature. The full data is not available for every included manuscript and we have to work with only the published information. Although in an attempt to adjust the environmental factors, we stratified the studies according to predominant ethnicity among which it was conducted, which was the most we could have done.
Results
The preliminary web search identified a total of 452 potential publications, of which 336 were immediately excluded because of obvious irrelevance after studying their titles and/or abstracts. A total of 116 articles were selected to be reviewed in full text, among which 27 articles were excluded as they met our previously described exclusion criteria. We finally selected 89 articles, which reported 132 separate studies, involving a total sample size of 69,235 to be used in the present meta-analysis. This process is explained in the form of a flowchart in Figure 1 . The included studies were further broadly classified according to the predominant ancestry among which they were conducted. Accordingly the studies were included in one of the five ancestral groups, viz. European, Middle Eastern, Asian, Asian-Indian or African. The general characteristics of studies classified in each ancestral group, reporting association studies involving any of the three SNPs, along with an estimate of total sample tested are depicted in Table 1 . Among these included studies, cases were generally recruited in referral centres with documented CAD or MI or ACS, and the controls were without any direct evidence of overt disease. The number of cases among all selected studies varied from 22 to 2,085, while the numbers of controls varied from 21 to 3,918.
Meta-analysis for NOS3 Glu298Asp polymorphism
Pooled analysis. A total of 60 case control studies [2, 3, 5, 10, 11, [13] [14] [15] [16] 18, [20] [21] [22] [23] 28, 32, [37] [38] [39] investigating the association between Glu298Asp polymorphism and CAD, with a total of 15,957 CAD patients and 14,075 normal controls were included in the pooled analysis (All ancestries combined). (Tables 1  and 2 ) This analysis, using three different genetic models showed moderate to high heterogeneity (I 2 range = 58-72% and P Q , 0.00001 for all comparisons). (Table 2 ) All three genetic models for Glu298Asp also showed significant association with CAD (OR range = 1.28-1.52, Z value range = 5.14-6.33 and P,0.00001 for all comparisons). (Table 3 Tables 1 and 2 ) The Asian-Indian subgroup in all its genetic models showed low heterogeneity (I 2 range = 18-23% and P Q range = 0.26-0.28). All other ancestral groups (apart from African which had only 1 study) showed moderate to high heterogeneity (I 2 range = 33-78% and P Q range = 0.16 to ,0.00001). (Table 2 ) Appropriate effects were thus used for further analysis. Four out of 5 ancestral groups (except Africans) showed significant association with CAD in all three genetic models. The Middle Eastern group showed highest levels of association amongst the studied groups (Z value range = 2.92-3.94 and P#0.004 for all comparisons), followed by European group (Z value range = 2.10-3.37 and P#0.04 for all comparisons). (Table 3 and Figures 2, S1 and S2) Meta-analysis for NOS3 T786-C polymorphism Pooled analysis. Twenty nine case-control studies [5, 17, 22, 23, 27, 28, 31, 32, 37, 39, 54, 55, 57, 58, 62, 64, 65, 76, 79, 82, [89] [90] [91] [92] [93] [94] [95] [96] [97] ] with 7,043 CAD patients and 10,409 controls, investigating the association between T786-C polymorphism and CAD were included in the pooled analysis. (Tables 1 and 2 ) Moderate heterogeneity was seen across all genetic models (I 2 range = 35-69%, P Q range = 0.03 to ,0.00001). (Table 2 ) All genetic models also showed significantly associated with CAD showing ORs in the range of 1.34-1.42, Z value ranging from 4.97-5.32 and P values of ,0.00001 (for all comparisons). (Table 3 and Figures 3, S3  and S4) Subgroup analysis. Among the ancestral subgroups, 15 studies constituted the European group, [5, 27, 28, 32, 37, 39, 54, 55, 58, 62, 64, 65, [91] [92] [93] ] while 5,6,2 and 1 study respectively constituted Middle Eastern, [17, 23, 76, 94, 95] Asian, [22, 31, 79, 82, 96, 97] AsianIndian [89, 90] and African [57] group. (Tables 1 and 2 ) Moderate to high degree of heterogeneity was seen in almost all ancestral groups Table 1 . Published association studies included in the present meta-analysis. (except Africans, which had only 1 study), and in amongst almost all comparisons, barring the recessive model amongst the Asians which was rather homogenous (I 2 range = 50-72%, P Q range = 0.16 to , 0.00001). (Table 2 ) All ancestral subgroups showed significant association in dominant genetic model, similarly all (except AsianIndians) showed significant association in the allelic model. On the other hand, only Europeans and Asians showed significant association in recessive model. If we disregard the Africans which had only 1 study in its subgroup, Asians showed the highest degree of association consistently in all three models (OR range = 1.61-1.90, Z value range = 2.50-3.56 and P value range = 0.01-0.0004), followed by the Europeans (OR range = 1.21-1.32, Z value range = 2.19-3.96 and P value range = 0.03 to ,0.0001). (Table 3 Table 2 ) Middle Eastern, Asian and African groups showed considerably low heterogeneity among the three genetic models (I 2 range = 0-33%; P Q range = 0.18-0.83), while European and Asian-Indian groups showed very low to very high heterogeneity (I 2 range = 0-87%; P Q range = 0.72-0.005). (Table 2 ) The Middle Eastern and Asian groups showed significant association in all three models. It is however noteworthy that the Middle Eastern subgroup showed stronger association (OR range = 1.71-3.02, Z value range = 4.65-7.09, P,0.0001 for all comparisons) than the Asian subgroup (OR range = 1.22-2.48, Z value range = 2.45-3.06, P#0.01 for all comparisons) consistently in all three models. African group showed moderate association limited only to recessive and allelic models (OR range = 1.37-2.02, Z value range = 2.07-2.34, P# 0.02), whereas Asian-Indian group showed marginal association in only the recessive genetic model (OR = 2.63, Z value = 1.99, P value = 0.05). The European group however showed no association in any of the three genetic models (P.0.05). (Table 3 
Source of heterogeneity
Higher degree of heterogeneity was seen amongst almost all ancestral groups (except Asian-Indians) in all comparisons for Glu298Asp polymorphism. All groups were fairly heterogeneous in all comparisons for T786-C polymorphism. Fairly low heterogeneity was seen amongst Middle Eastern and Asian groups in all comparisons for 4b/a polymorphism. (Table 2 ) Environmental factors like diet, exercise etc. could be the probable reasons behind seen heterogeneity among the groups. We did all we could by classifying studies into five broad subgroups, based on predominant ancestry, in order to determine sources of heterogeneity. Further classification would have only made the samples in each subgroup smaller and their results impotent. ( 
Potential publication Bias
Potential publication bias among groups of studies for each SNP was assessed by two different statistical tests, viz. Egger's plots [51] and Begg's funnel plots. [50] The recessive genetic model showed least heterogeneity for all three SNPs among all ethnic groups (as seen in Table 2 ), its data was thus selected to generate Egger's plots. No asymmetry in plots was seen for Glu298Asp or 4b/a for the pooled group or any of its ancestral subgroups. Egger's P values for Glu298Asp were 0.56, 0.11, 0.08, 0.42 and 0.56 respectively for pooled and European, Middle Eastern, Asian and Asian Indian subgroups. Similarly Egger's P values for 4b/a were 0.79, 0.15, 0.85, 0.92, 0.88 for pooled and European, Middle Eastern, Asian and African subgroups. Owing to less number of studies (n,3), no P value from Egger's test was generated in African subgroup of Glu298Asp and Asian-Indian subgroup of 4/ a polymorphism. In case of T786-C, Egger's plot asymmetry was however seen for pooled (P = 0.002) and European (P = 0.004) subgroup. Rest of the two subgroups showed either symmetry in their plots (P = 0.71 and 0.91 for Middle Eastern and Asian groups respectively) or were their p values was incalculable (i.e. for AsianIndian and African groups).
Begg's funnel plots, [50] were also generated to assess potential publication bias for each SNP in their three genetic models. Funnel plots are provided for pooled analysis obtained in allelic comparisons for all three studied polymorphisms. (Figure 5-A , B, C) Plots for dominant and recessive models for all three SNPs are also provided as ( Figures S7-A, B ; S8-A, B; S9-A, B). Each point in the figure represents OR of a study plotted against standard error (SE) of OR of that particular study. Different indicators of the studies belonging to each ancestry are used in these plots where they are seen to be generally contained within the inverted cone, indicating no significant publication bias, at least in the pooled analyses.
Sensitivity Analysis
Sensitivity analysis was performed in each study group in every genetic model, where we excluded studies one after another and conducted the analysis after each omission. The results in none of the groups and studied genetic models altered substantially to change the results from no association to significant association or the other way around (in groups of $5 studies). This indicates that the present meta-analysis is robust in nature.
Discussion
The present meta-analysis and structured systematic review is the most comprehensive till date and comprises of published studies which investigated the association of three most common NOS3 gene polymorphisms, (i.e. Glu298Asp, 4b/a and T786-C) with CAD.
All comparisons in the pooled analysis for all three SNPs indicated significant association with CAD. The pooled results of Glu298Asp suggested that the presence of even a single T allele in a genotype effects in an increased risk of CAD. The risk of CAD is even higher if the genotype contains more than 1, T allele. This association is evident by the obtained pooled OR in allelic comparison (OR = 1.29, Z value = 6.33 and p,0.00001). (Table 3 and Figure 2 ) The same pattern of association is seen for almost all the ancestral groups (except Africans), where generally higher ORs are seen in recessive models as compared to their dominant models. (Table 3 and Figures S1 and S2 ) Consistent to the seen pattern, the T allele also showed a significant association with CAD in almost all ancestral groups, barring the Africans which had only 1 study. (Table 3 and Figure 2 ) In the case of T786-C polymorphism, our pooled as well as subgroup results also suggested an increased risk in genotypes carrying the minor (C) allele. All three genetic models showed significant association in the pooled analysis. Significant association was also seen in all ancestral subgroups in at least two out of three genetic models. As in the case of Glu298Asp, the risk increased in genotypes of T786-C, which were homozygous to the C allele. However, contrary to the trends seen in case of Glu298Asp and 4b/a, we observed that for T786-C, Asians followed by Europeans showed highest degree of associations across all three genetic models. (Table 3 and Figure 3) The presence of 4a allele of 4b/ a polymorphism resulted in an increased risk for CAD in the pooled analysis (OR = 1.20) and specifically among two ancestral groups viz. Middle Eastern (OR = 1.71) and Asian (OR = 1.25). (Table 3 and Figure 4 ) Here too, genotypes carrying .1, 4a alleles showed notably higher risk in pooled analysis as well as in the Middle Eastern and Asian subgroups. The pooled as well as the Middle Eastern and Asian subgroups also showed significant association in the allelic model. As far as the 4b/a polymorphism is concerned, Africans showed significant association in recessive and allelic model, while Asian-Indians showed a hint of association in the recessive model. (Table 3 
and Figures 4, S5 and S6)
Our pooled analysis showed significant associations of all three selected SNPs with CAD in every employed genetic model. Our results are in contrast to the previously published meta-analysis (for all three selected SNPs), [40] which was not able to deduce any significant associations for T786-C and 4b/a and only showed significant association for Glu298Asp under dominant genetic model. One reason for the difference in the results of the present study and the study by Li et al., [40] can be the sheer number of studies included. Since the year 2010 when the study by Li et al. [40] was published, a number of studies came out in the public domain among which several of them reported statistically significant associations. This previous meta-analysis [40] included a much lesser number of studies, thus making the present study a more comprehensive one (56 vs. 132 studies in previous vs. present study respectively). Several other recent meta-analyses which assessed either one of the three NOS3 SNPs are also now into public domain. [41] [42] [43] [44] The pooled analysis for Glu298Asp in the meta-analysis by Tian et al., [43] reported significant associations in dominant (OR = 1.17), recessive (OR = 1.59) and allelic (OR = 1.26) models which are somewhat comparable to those deduced in our study. In the meta-analysis by Tian et al. [43] , the Asian subgroup for Glu298Asp showed significant association to CHD in all employed genetic models, the effect sizes of which are similar to those deduced for the Asian subgroup in the present study. There is also a meta-analysis by Zhang et al., [41] who reported significant association (with OR = 1.52), in allelic comparisons of Glu298Asp among Asians, the effect size of which is similar to that deduced in our study (OR = 1.51). We also obtained similar results for Asian subgroup with another previously published meta-analysis for T786-C [42] . In fact our study can be considered as an improvement on all the previously published meta-analyses on polymorphic forms of NOS3 gene and CAD, [40] [41] [42] [43] [44] not only in the terms of higher number of studies included but also in terms of better classification of ancestral groups and assessment of their individual risk. This allowed us to unravel the degree of associations among several other important ancestral groups such as Middle Easterners and Asian-Indians apart from Europeans and Asians which were already amply investigated by several previously published meta-analyses.
There are basically two major merits of the present study which makes it superior to all previously published meta-analyses on this subject. [40] [41] [42] [43] [44] Firstly, our study is the most comprehensive till date and we ended up including most number of individual studies which transcribed into the largest sample size ever studied for each of the three NOS3 SNPs. Secondly, our study had strict inclusion/ exclusion criteria, and we excluded studies with surrogate endpoints, and omitted studies in which controls did not conform to HWE proportions (most of which were included in previously published meta-analyses). This methodology ensured that we eliminated studies with potentially biased/inaccurate results, thus possibly presenting a real picture.
The biochemical basis of the association of CAD with various NOS3 gene polymorphisms has been studied in detail by several researchers. Most schools of thought suggest that all these SNPs of NOS3 gene viz. Glu298Asp, T786-C and 4b/a 27bp VNTR via various mechanisms affect the serum nitrite/nitrate (NO x ) concentrations in the human body. Over a period of time this imbalance in NO x concentrations results in ''endothelial dysfunction'' which finally blooms into an overt form of CAD. It is plausible that this degree of association with CAD and the resulting NO x concentrations are affected by gene-gene, geneenvironment interactions. Compensatory mechanism of the human body against CAD may also increase NO secretion from the vascular endothelium during sudden reperfusion after acute coronary syndromes. [117, 118] Therefore it remains unclear whether the increase in NO levels is a ''cause'' or an ''effect'' of acute coronary syndromes. Clearly the association between these SNPs and CAD, probably also has different biochemical basis rather than solely brought about by variations in NO x concentrations.
Positive association of Glu298Asp with CAD/MI has been reported over the years in several published studies. We found that along with a significant association for all three genetic models in our pooled analysis, this SNP seen to be associated with CAD separately among all ancestral groups, with the highest degree of association seen amongst the Middle Easterners. (Table 3 and Figures 2, S1 and S2) The reason of this differential risk of CAD seen among different ancestral groups carrying this 
all ancestral groups in this plot were obtained using random effects for analysis. Effect size using fixed effects was recalculated for AsianIndian group which showed homogenous distribution among its included studies. Recalculated effect size estimate for Asian-Indians was, OR, 95%CI = 1.23, 1.05-1.44; Z = 2.59; P = 0.01. doi:10.1371/journal.pone.0113363.g002
polymorphism is unknown and should be investigated upon. We presume that this difference could had been brought about by the variance in Asp allele frequency (range = 0.04-0.39), as well as several known and unknown gene-gene and gene-environment interactions. The biochemical basis of the association of CAD with Asp allele carriers has although been extensively studied upon however a clear consensus is still lacking. Some studies have reported an association of this SNP with intracellular NO concentration. [12] The mechanism by which the Asp allele possibly reduces NO bioavailability in the human body has also been hypothesized. It has been suggested that the Asp298 is subjected to selective proteolytic cleavage in the endothelial cells and vascular tissues. [119, 120] The resultant cleaved fragments especially among the homozygous mutants of this SNP are expected to lack NO synthase activity [13] thus reducing bioavailability of NO in the body. [119, 120] Contrary to this notion several studies [13, 14, 67] have reported lack of association of plasma NO x concentrations with any of the genotypes or alleles for this SNP. Also, since these associations are often masked, as it is affected by several physiological and pathological conditions, the real effect of NOS3 gene on plasma NO x levels is hard to determine. [14] As already discussed genotypes carrying Asp alleles impart greater RBC aggregability. [14] Genotypes having Asp alleles have also been shown to have (i) a reduced blood pressure fall after exercise training, [121] (ii) an enhanced systemic presser response to phenylephrine [12] (iii) lower basal blood flow and reduced vasodilation to adenosine in coronary arteries [122] and (iv) a reduced flow-mediated dilatation of the brachial artery, [123] making them more prone to suffer from coronary events. It is possible that these effects coupled with possible modulation in bioavailability of NO in presence of interactions with other genes and environmental factors may accelerate the process of endothelial dysfunction and subsequent emergence of overt CAD among Asp variants of the NOS3 gene.
The T786-C gene variant of NOS3 has also been implicated over the years with CAD occurrence by several investigators. Along with a significant association among all three genetic models in our pooled analysis, Asians seemed to have strongest association with CAD than other ancestral groups. (Table 3 , Figure 3 , S3 and S4) The reason behind this dissimilar degree of association among these ancestral groups is unknown. More in depth studies are warranted to answer this pertinent question. In vitro reporter gene assays performed by Nakayama et al., [24] somewhat explained the possible functional effect of this SNP. They demonstrated that T786-C mutation reduces the promoter activity by as high as 50%, suggesting that in several C allele carriers the L-arginine/NO pathway does not function properly, reducing NO concentrations and causing endothelial dysfunction. [24] Other studies have also shown lower NOS3 mRNA and serum NO x levels in genotypes with $1, 786C alleles, [26] although contradictory results have also been published. [124] Apart from lower NOx concentrations [26] , synergistic effect of NOS3 Glu298Asp and T786-C polymorphism has also been reported to be the cause of increased CAD risk among carriers of this SNP. [5] Clear scientific evidence is lacking which can explain the seen association of NOS3 4b/a VNTR polymorphism with CAD. In contrast to the previous studies, [40, 44] the pooled results of our study yielded significant association amongst all three genetic models. Highest degree of association among the Middle Eastern group was seen in all three genetic models. (Table 2 and Figures 4, S5 and S6 ) The precise reason of this heightened risk amongst subjects of Middle Eastern ancestry is unknown and can only be speculated upon. Here again the influence of environmental factors such as diet and exercise may well be associated with the increased risk. Conflicting reports between the intron-4 variant and NO pathway activity are there in the public domain. Genotypes carrying $1 mutant alleles have been shown to have lower plasma NO levels and reduced protein expression, [125, 126] although some studies have demonstrated otherwise. [77, 124, 127] As this polymorphism is located in the intron region of the gene, even if it is not functional it might act as a risk factor and act in linkage disequilibrium with other regulatory regions and functional gene variants of the NOS3 gene. [124] We believe that the present study has successfully answered the research question that it aimed at the outset and is statistically powered enough to the stand by the results it obtained. Although, there is a scope for limitations in every meta-analysis of genetic association studies and ours was no exception either. Firstly, we believe that there was under representation of the South-Asian region, and we found no published data on the subject from several South-Asian countries like Bangladesh, Sri Lanka and Pakistan etc., which have a sizable population inflicted with CAD. Secondly possibility of errors in genotyping, presence of selection bias and risk of inadequate sample size among different studies cannot be ruled out. It is also noteworthy that in case of polygenic diseases like CAD, an association study cannot test causality, it can merely measure statistical associations. Also, during meta-analysis of association studies we cannot ensure interference of linkage disequilibrium of the selected SNP with another closely linked site and its extent of effect on the overall association. Even after using two statistical tools, we could not detect any hint of publication bias amongst our study groups, at least for Glu298Asp and 4b/a polymorphisms. However, Egger's plot asymmetry was observed, with significant p values for pooled and European subgroup of T786-C polymorphism. Since the accuracy of Egger's test is debatable, and this asymmetry in the aforementioned plots could have possibly been due to factors like inter-study variations or small study effects among European subgroup for T786-C. Even then, the role of existing publication bias cannot be completely ruled out. This also qualifies to be listed as another small limitation in the present study.
Conclusions
In conclusion, since the criteria for inclusion and exclusion of studies are critical parts of a meta-analysis and can substantially affect results, we find that the present study is the most comprehensive till date and is systematically planned to funnel out erroneous studies. We thus feel that our study projects the real picture, and confirms the association of the three common NOS3 gene polymorphisms i.e. Glu298Asp, T786-C and 4a/b VNTR with CAD transcending all ancestries worldwide. Results amongst different ancestral subgroups were rather illuminating. Amongst the studied NOS3 SNPs, both Glu298Asp and 4b/a showed strongest association among the Middle Eastern subgroup. On the other hand, T786-C and its minor allele seem to carry the highest risk for CAD among subjects of Asian ancestry. Our study significantly improves the understanding of the relation between this gene and CAD and its association amongst subjects of all major ancestries. These findings should thenceforth be assessed clinically for its implications in prevention and treatment strategies of CAD. Figure S1 Forest plot depicting results of meta-analysis of studies reporting NOS3 Glu298Asp polymorphism assessed under dominant (TT+GT vs. GG) genetic model. Effect size estimates for all ancestral groups in this plot were obtained using random effects for analysis. Effect sizes using fixed effects were recalculated for Asian-Indian group which showed homogenous distribution among its included studies. Recalculated effect size estimate for Asian-Indians was, OR, 95%CI = 1.21, 1.01-1.45; Z = 2.07; P = 0.04. (TIF) Figure S2 Forest plot depicting results of meta-analysis of studies reporting NOS3 Glu298Asp polymorphism assessed under recessive (TT vs. GG+GT) genetic model. Effect size estimates for all ancestral groups in this plot were obtained using random effects for analysis. Effect sizes using fixed effects were recalculated for Asian and Asian-Indian groups which . Forest plot depicting results after analyses for the allelic model (Allele 4a vs. 4b) of NOS3 4b/a VNTR polymorphism. Effect size estimates for all ancestral groups in this plot were obtained using random effects for analysis. Effect sizes using fixed effects were recalculated for European, Middle Eastern, Asian and African groups which showed homogenous distribution among its included studies. Recalculated effect size estimates were, OR, 95%CI = 0. 99 showed homogenous distribution among its included studies. Recalculated effect size estimates were, OR, 95%CI = 2.22, 1.21-4.08; Z = 2.57; P = 0.01 and OR, 95%CI = 1.85, 1.12-3.04; Z = 2.42; P = 0.02 for Asians and Asian-Indians respectively. (TIF) Figure S3 Forest plot depicting results of meta-analysis of studies reporting NOS3 T786-C polymorphism assessed under dominant (CC+CT vs. TT) genetic model. Effect size estimates for all ancestral groups in this plot were obtained using random effects for analysis. (TIF) Figure S4 Forest plot depicting results of meta-analysis of studies reporting NOS3 T786-C polymorphism assessed under recessive (CC vs. TT+CT) genetic model. Effect size estimates for all ancestral groups in this plot were obtained using fixed effects for analysis. Effect sizes using random effects were recalculated for three ancestral subgroups viz. Middle Eastern, Asian-Indian and African, which showed homogenous distribution among its included studies. 
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